With the development of sequencing technology, it is now well recognized that most micro-organisms in nature have never been cultured (Amann et al., 1995) . The development of different enrichment methods is necessary to exploit micro-organisms. During the course of studying marine microbial diversity, a new enrichment method that promoted the efficient accumulation of uncultured bacteria was developed (Du et al., 2014) . We isolated a host of novel strains using this method, and the vast majority of them were facultatively anaerobic. Strain FA350 T , a member of the class Deltaproteobacteria, was one of these isolates.
With the development of sequencing technology, it is now well recognized that most micro-organisms in nature have never been cultured (Amann et al., 1995) . The development of different enrichment methods is necessary to exploit micro-organisms. During the course of studying marine microbial diversity, a new enrichment method that promoted the efficient accumulation of uncultured bacteria was developed (Du et al., 2014) . We isolated a host of novel strains using this method, and the vast majority of them were facultatively anaerobic. Strain FA350 T , a member of the class Deltaproteobacteria, was one of these isolates.
Members of the Deltaproteobacteria were previously treated as separate assemblages according to phenotypic characteristics.
They were then classified to the Deltaproteobacteria on the basis of having 16S rRNA gene sequences that were related to those of members of the order Myxococcales (Kuever et al.,methanogen partner (Qiu et al., 2008) , which is similar to members of the genera Syntrophobacter (Boone & Bryant, 1980) , Syntrophus (Mountfort et al., 1984) and Smithella (Liu et al., 1999) , the members of the order Syntrophobacterales. Members of the remaining five orders can utilize sulfate, sulfite, thiosulfate, sulfur or some other inorganic compounds as their terminal electron acceptors. Simple organic compounds serve as electron donors and carbon sources. Apart from the above-mentioned properties, all known members of the class Deltaproteobacteria are Gramstain-negative and non-spore-forming.
During the course of studying the diversity of a marine microbial community, strain FA350
T was isolated from marine sediment from Xiaoshi Island, Weihai, China (37 u 319 360 N 122 u 009 580 E) by the new enrichment method devised by Du et al. (2014) . The enrichment medium consisted of the following ingredients in 1000 ml seawater: 1 g NH 4 Cl, 2 g sodium acetate, 0.2 g MgSO 4 . 7H 2 O, 0.2 g yeast extract and 0.2 g peptone. A total of 10 g wet sediment was mixed with the enrichment medium, and the mixture was then placed in a sealed bottle (500 ml). The bottle was then incubated at 25 u C for 2-4 weeks with thorough shaking every 12 h. Enriched cultures were then serially diluted to 10 26 with sterilized seawater and 0.1 ml aliquots of each dilution were spread onto marine agar 2216 (MA; HopeBio). The plates were incubated at 28 u C for 7-14 days. Strain FA350
T was isolated and then stored at 280 u C in sterile 15 % (v/v) glycerol supplemented with 1 % (w/v) NaCl.
Initially, strain FA350
T showed poor growth on MA, but it grew well on modified nutrient agar (NA; HopeBio) with seawater and 0.1 % D-(+)-trehalose. Routine growth was therefore undertaken on this modified NA. After 5-7 days at 33 u C, colonies were circular, fusiform or irregular, orange-red and 1-2 mm in diameter, with an entire and transparent edge. Colonies grew to 3-4 mm in diameter if the time of culture was extended to 14 days. The morphological and physiological features of FA350 T were also examined after incubation at 33 u C for 5-7 days. Gliding motility was examined according to the method described by Bowman (2000) , using oil-immersion phase-contrast microscopy (AX70; Olympus). A transmission electron microscope (Jem-1200; JEOL) was used to observe the cell size and morphology, which was supplemented by light microscopy (E600; Nikon). Electron micrographs showed that the cells were rod-shaped and 0.561.0-2.5 mm; there were no flagella around the cells (Fig. 1) . A Gram-staining procedure (Murray et al., 1994) revealed that the cells stained Gram-negative. To test the temperature range for growth, modified NA plates were incubated at 8, 15, 20, 25, 28, 30, 33, 37 and 42 u C, and results were recorded every 24 h. Strain FA350
T grew at 20-37 u C. Optimum growth occurred at 33 u C, but no growth occurred at 15 or 42 u C. Salt tolerance was tested with modified NA (with seawater replaced with distilled water) containing 0.5, 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10 % (w/v) NaCl at 33 u C, and growth of colonies was recorded every 24 h. Growth was found to occur in 1-9 % (w/v) NaCl, with optimal growth at 4 % (w/v). The effects of pH were assessed with modified nutrient broth (NB; HopeBio) adjusted with MES (pH 5.5, 6.0), PIPES (pH 6.5, 7.0), HEPES (pH 7.5, 8.0), Tricine (pH 8.5) and CAPSO (pH 9.0, 9.5) buffers, each at a concentration of 20 mM. The OD 600 of the cultures was measured after 7 days. The optimum pH was 8.5, and no growth occurred below pH 6.5.
Oxidase activity was tested using a bioMérieux oxidase reagent kit according to the manufacturer's instructions. Catalase activity was detected by bubble production in 3 % (v/v) H 2 O 2 . The strain was positive for catalase activity but negative for oxidase. Hydrolysis of starch, lipid, alginate and cellulose was tested on modified NA supplemented with 0.2 % (w/v) soluble starch, 1 % (v/v) Tween 80, 2 % (w/v) alginate or 0.5 % (w/v) CM-cellulose, respectively, according to the methods described by Cowan & Steel (1965) . The strain was negative for hydrolysis in all cases. Tests for other physiological or biochemical characteristics were performed using API 20E, API ZYM, API 50CH (all from bioMérieux) and Biolog GEN III kits, according to the manufacturers' instructions, except that the salinity was adjusted to 4 %. No positive reaction appeared in the API 20E tests. According to the API ZYM kits, cells were positive for alkaline phosphatase, esterase (C4), esterase lipase (C8) and leucine arylamidase. Other weakly positive and negative reactions are given in the species description. Three positive reactions appeared in the API 50CH tests, indicating that strain FA350
T can utilize potassium 5-ketogluconate, D-ribose and D-tagatose to produce acids under relatively anaerobic conditions. Six positive reactions were observed in Biolog GEN III MicroPlate assays; the details are given in the species description.
Susceptibility to antibiotics was tested using filter-paper discs containing various antibiotics on cultures incubated at 33 u C on modified NA (since strain FA350
T showed poor growth on Mueller-Hinton agar) for 7 days. The strain was shown to be extremely sensitive to penicillin, erythromycin, chloromycetin, clarithromycin, rifampicin and cefotaxime, and resistant to tetracycline, trimethoprim, nalidixic acid and vancomycin. Anaerobic growth was assessed by placing cultures on plates of modified NA and modified NA supplemented with 0.1 % (w/v) sulfate or nitrate in an anaerobic jar. Poor growth occurred on all of these plates. For the nitrate-reducing test, modified NB supplemented with nitrate was used. The inoculated broth media were placed in aerobic and anaerobic conditions for 5-7 days and then the nitrite level was detected. Uninoculated medium served as a control group. The novel isolate could reduce nitrate to nitrite with or without oxygen, but activity was greater in the presence of oxygen.
Genomic DNA of strain FA350
T , from 7 day-old cultures grown on modified NA, was obtained using a DNA extraction kit (Tiangen) and the G+C content of the DNA was determined by HPLC as described by Mesbah et al. (1989) . The DNA G+C content of the novel isolate was 60.3 mol%, which is similar to that of members of the Desulfuromonadales, the closest relatives of FA350
T . The 16S rRNA gene of strain FA350
T was amplified from the genomic DNA by PCR using primers 27F and 1492R (Lane, 1991) . Amplification products were purified using a PCR product purification kit (Tiangen) and then ligated to the vector pGM-T (Tiangen). Universal primers T7 and SP6 were used for sequencing, which was performed by Shanghai Sunny Biotechnology (China). A nearly complete 16S rRNA gene sequence (1461 bp) was obtained and submitted to the GenBank/EMBL/DDBJ databases; preliminary screening for similarity was carried out with the BLAST algorithm. The EzTaxon server (Kim et al., 2012) was also used to assess the similarity of sequences. The nearest recognized type strain, with 85.6 % sequence similarity, was Geobacter pickeringii DSM 17108 T (Shelobolina et al., 2007) , followed by some other sequenced strains belonging to the order Desulfuromonadales (Kuever et al., 2005) ; all strains showing .83.0 % sequence similarity belonged to the class Deltaproteobacteria. The ARB software package (Ludwig et al., 2004) was used to find close phylogenetic relatives. The database of the Living Tree Project (Yarza et al., 2008) release 119 was used to complete the process. Alignment was performed using SINA online (Pruesse et al., 2012) and improved manually. The phylogenetic tree was generated in ARB using RAxML with the GTRGAMMA model (Stamatakis, 2006) , and the neighbour-joining tree with Jukes-Cantor correction was combined with the maximumlikelihood tree. Sequences of all members of the classes Deltaproteobacteria and Epsilonproteobacteria available in the database were used to reconstruct the phylogenetic trees. Fig.  2 shows the phylogenetic relationships of members of the class Deltaproteobacteria. Strain FA350
T and some uncultured clones form a separate branch within the class with high bootstrap values, which supports our conclusion that strain FA350
T represents a novel order. The phylogenetic position of strain FA350
T within the class Deltaproteobacteria was poorly supported, based on a low bootstrap value (,50 %). In the maximum-likelihood phylogenetic tree, the separate branch is affiliated with the order Desulfuromonadales, which comprises sequences with ,85.7 % 16S rRNA gene similarity to strain FA350 T ; however, in the neighbour-joining tree (Fig. S1 , available in the online Supplementary Material), it clusters with the order Myxococcales, with members of which FA350
T shares ,84.3 % 16S rRNA gene sequence similarity.
Cells cultured on modified NA at 33 u C for 7 days were used to determine the fatty acid profile. Fatty acids were saponified, methylated and extracted using the standard protocol of the Sherlock Microbial Identification System (MIDI) version 6.1 equipped with an Agilent model 6890N gas chromatograph. Peaks were automatically integrated Z.-J. Wang and others and fatty acid names and percentages were calculated using the MIS standard software with the database TSBA40. The major fatty acids (relative amount .1 %) in strain FA350
T were iso-C 15 : 0 (39.2 %), iso-C 17 : 0 (34.1 %), iso-C 17 : 1 v10c (12.3 %), iso-C 19 : 1 v9c (3.7 %), iso-C 14 : 0 3-OH (3.4 %), iso-C 16 : 0 (1.8 %) and C 17 : 0 (1.2 %). Polar lipids were separated by two-dimensional silica gel TLC. Total lipid material was detected using molybdatophosphoric acid and specific functional groups were detected using spray reagents specific for defined functional groups; full details are given by Tindall et al. (2007) . The polar lipids found in the novel strain were phosphatidylethanolamine, phosphatidylglycerol and two unknown phospholipids; detailed information is displayed in Fig. S2 . Both of the above procedures were carried out by the Identification Service of the DSMZ (Braunschweig, Germany). Respiratory quinones were extracted from freeze-dried cells and the methods used were as described by Tindall (1990 a, b) . They were separated into different classes by TLC on silica gel and then removed from the plate and analysed further by HPLC. The sole respiratory quinone found in the isolate was menaquinone MK-7; ubiquinones and other quinones were not detected.
On the basis of its physiological and biochemical features, strain FA350 T differed considerably from members of other known orders within the class Deltaproteobacteria. It showed facultatively anaerobic growth, which is rare in the class Deltaproteobacteria. Gliding motility was observed, which is consistent with the order Myxococcales and some members of the order Desulfobacterales, while members of most other orders of this class move by flagella. Members of six of the eight orders of Deltaproteobacteria exhibit anaerobic growth, which indicated that these organisms need inorganic electron acceptors other than oxygen. Utilization of inorganic electron acceptors is an important physiological and taxonomic characteristic. Although FA350 T showed good growth under aerobic conditions, it was also different from the aerobic bacteria in this class. One striking feature of the aerobic representatives of the class is their ability to digest other bacteria; however, FA350
T showed only syntrophic growth in the presence of certain other bacteria such as Psychrobacter alimentarius (Yoon et al., 2005) .
The sole isoprenoid quinone found in the isolate was MK-7. Almost all species of the Deltaproteobacteria produce menaquinones as their dominant quinones (Collins & Jones, 1981; Nakai et al., 2014; Kuever et al., 2005) . However, the organisms in the order Desulfuromonadales, the closest relatives based on 16S rRNA gene sequence similarity and phylogenetic analysis, contain MK-8 as the major menaquinone. With respect to the quinone system, FA350 T is similar to some groups of the order Desulfobacterales, such as most members of the family Desulfobacteraceae (Kuever et al., 2005) , but they can be distinguished by physiological and morphological characteristics, such as the novel isolate's ability to utilize oxygen as its terminal electron acceptor, or the low similarities of 16S rRNA gene sequences. The major fatty acids of FA350
T were iso-C 15 : 0 and iso-C 17 : 0 , which accounted for more than 73 % of the total fatty acids. This is similar to strains of the genus Desulfovibrio (Vainshtein et al., 1992; Kohring et al., 1994) , but differences in physiological and morphological characteristics between them are also clear; most members of the genus Desulfovibrio have curved rod-shaped cells and are motile by means of a single or lophotrichous polar flagella, while cells of the novel isolate are rod-shaped and gliding. The DNA G+C content of strain FA350
T was 60.3 mol%; this is relatively high compared with most strains of the Deltaproteobacteria. Only a few groups have DNA G+C contents that are similar to that of the novel isolate, such as members of the genera Desulfovibrio (Kluyver & Van Niel, 1936) , Desulfobulbus (Widdel, 1980) , Desulfuromonas (Pfennig & Biebl, 1976) and Desulfosarcina (Widdel, 1980) and the family Syntrophobacteraceae (Boone & Bryant, 1980) , but there are significant differences in physiological and morphological characteristics. Characteristics that differentiate strain FA350
T from related genera are displayed in Table 1 .
Based on the phenotypic and chemotaxonomic analysis, and integrating the results of phylogenetic trees based on 16S rRNA gene sequences, we conclude that strain FA350 T represents a novel genus and species, for which the name Bradymonas sediminis gen. nov., sp. nov. is proposed. A novel order, Bradymonadales ord. nov., with a novel family, Bradymonadaceae fam. nov., is also created and is represented by strain FA350
T .
Description of Bradymonas gen. nov.
Bradymonas (Bra.dy.mo9nas. Gr. adj. bradys slow; Gr. n. monas a unit, monad; N.L. fem. n. Bradymonas a slowgrowing monad).
Cells are Gram-stain-negative, rod-shaped, gliding and facultatively anaerobic. Catalase is positive but oxidase is negative. The polar lipid profile consists of phosphatidylethanolamine, phosphatidylglycerol and two unknown phospholipids. The major fatty acids are iso-C 15 : 0 , iso-C 17 : 0 and iso-C 17 : 1 v10c. Menaquinone MK-7 is the sole respiratory quinone. The type species is Bradymonas sediminis.
Description of Bradymonas sediminis sp. nov.
Bradymonas sediminis (se.di.mi9nis. L. gen. n. sediminis of sediment).
In addition to the characteristics listed for the genus, the following characteristics are observed. Cells are 0.5 mm in diameter and 1.0-2.5 mm long. No flagella are found around the cells. After 7 days of incubation at 33 u C on modified NA, forms circular, fusiform or irregular, orange-red colonies, 1-2 mm in diameter, with entire and transparent edges. Growth occurs in 1-9 % (w/v) NaCl (optimum 4 %), at 20-37 u C (optimum 33 u C) and at pH 6.5-9.5 (optimum pH 8.5). are high in salt, such as marine environments, salt pans and saline soil. The type genus is Bradymonas.
